The development of glycolate pathway enzymes has been determined in relation to photosynthetic competence during the regreening of Euglena cultures. Phosphoglycolate phosphatase and glycolate dehydrogenase rapidly reached maximal levels of activity but the complete development of ribulose 1, 5-diphosphate carboxylase and concomitant photosynthetic carbon dioxide fixation were not attained until 72 hours of illumination. Specific inhibitors of protein synthesis showed that the formation of ribulose 1, 5-diphosphate carboxylase in both division-synchronized and regreening cultures was prevented by both cycloheximide and D-threo-chloramphenicol, whereas phosphoglycolate phosphatase formation was only inhibited by D-threo-chloramphenicol but not by L-threo-chloramphenicol or cycloheximide. Since cycloheximide prevented ribulose diphosphate carboxylase synthesis and photosynthetic carbon dioxide fixation without affecting phosphoglycolate phosphatase synthesis during regreening, it was concluded that photosynthetic competence was not necessary for the development of the glycolate pathway enzymes. The inhibition of phosphoglycolate phosphatase synthesis by D-threo-chloramphenicol but not by L-threo-chloramphenicol or cycloheximide shows that the enzyme was synthesized exclusively on chloroplast ribosomes, whereas protein synthesis on both chloroplast and cytoplasmic ribosomes was required for the formation of ribulose 1, 5-diphosphate carboxylase. Although light is required for the development of both Calvin cycle and glycolate pathway enzymes during regreening it is concluded that the two pathways are not coordinately regulated.
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Although exogenous glycolate can support the photoheterotrophic growth of a few algae (23, 26) , in most instances, the glycolate metabolized by the constituent reactions of the glycolate pathway is derived from an intermediate of the Calvin cycle. In Euglena during 14CO2 photosynthesis at certain stages of the cell cycle, glycine, serine, and glycerate are rapidly labeled; the glycerate formed is uniformly labeled even after short periods of photosynthesis, suggesting that it is derived from uniformly labeled glycolate via the reactions of the glycolate pathway (7, 8) . Conditions that favor the expression of Calvin cycle enzymes and resultant high photosynthetic rates are accompanied by the synthesis of glycolate pathway enzymes. The regreening of bleached Euglena cells in the light gives a concomitant increase in P-glycolate phosphatase and glycolate dehydrogenase activities (6) . Similarly, the rapid increase in photosynthetic rate that results on transfer of Chla-*nydomonas mundana from an acetate-containing medium to autotrophic conditions was accompanied by a striking increase in glycolate dehydrogenase activity (21) . In cells already capable of high photosynthetic rates, conditions unfavorable for glycolate biosynthesis such as high CO2 concentration result in the repression of P-glycolate phosphatase (27) and glycolate dehydrogenase (9, 27 (2) . The reaction mixture contained in a final volume of 3 ml: 100 ,umoles of sodium cacodylate buffer, pH 6.3, 10 ,umoles of P-glycolate, and 6,umoles of MgSO,. After addition of cell extract the mixture was incubated at 30 C for 10 min, the reaction stopped by adding 1 ml of 10% (w/v) trichloroacetic acid and after centrifugation, the Pi present in a portion of the supernatant determined by the method of King (20) .
Glycerate 3-phosphatase was assayed by the same procedure as that for P-glycolatephosphatase, the only differences being the replacement of P-glycolate by 10 ,tmoles of P-glycerate and the reaction mixture being buffered with 100 /Imoles of sodium cacodylate buffer, pH 7.
Ribulose 1, 5-diP carboxylase (EC 4. 1 . 1 . 39) was assayed as described by Fuller and Gibbs (16) . The reaction mixture contained in a final volume of 1 ml: 100 ,tmoles of tris-buffer, pH 7.5; 10 ,tmoles of MgCl2; 2.5 ,umoles of GSH; 2 /tmoles of ribulose-,5-diP; 50 ,umoles of sodium bicarbonate containing 10 4Ci of "4C; and cell extract containing 0.4 mg of protein.
After incubating at 25 C for 15 min the reaction was stopped by the addition of 1 ml of concentrated HCI to each tube. The tube contents were evaporated to dryness, the residue was dissolved in water, aliquots were plated onto ground glass discs, and radioactivity was determined by counting at infinite thinness in a Nuclear Chicago thin end-window gas flow counter.
Glycolate dehydrogenase (23) and glycolate excretion (8) were determined as described previously.
Carbon Dioxide Fixation. Cells were resuspended in fresh growth medium and 2 ml of a cell suspension were placed in the main compartment of a Warburg flask with 0.25 ml of bicarbonate containing 40 ,umoles of 4 (Fig. 1) . Cycloheximide inhibited both cell division and Chl formation. Cell division was unaffected by D-threo-chloramphenicol but L-threo-chloramphenicol resulted in a decrease in cell number. Chlorophyll formation was inhibited by D-threo-chloramphenicol but was unaffected by L-threo-chloramphenicol. The addition of DCMU decreased cell division but always gave a slight increase in Chl concentration compared with control cultures in the absence of inhibitor.
Ribulose-1, 5-diP Carboxylase and CO. Fixation. When dark-grown resting Euglena cells were illuminated a rapid de- velopment of ribulose-1,5-diP carboxylase resulted which was linear with time ( Fig. 2 ). The development of photosynthetic CO. fixation, unlike ribulose-1,5-diP carboxylase activity, revealed a distinct lag phase over the first 24 hr of illumination (Fig. 2) . However, after 72 hr of illumination the rates of CO2 fixation were congruent with the observed levels of ribulose-1 5-diP carboxylase in the cell (Fig. 2) . Both cycloheximide and D-threo-chloramphenicol inhibited the development of ribulose-1 ,5-diP carboxylase activity and this was reflected in a concomitant inhibition of CO2 fixation (Fig. 2) .
When Euglena cultures are division-synchronized by a light/ dark regime, both ribulose-1 ,5-diP carboxylase and photosynthetic CO2 fixation increase 2-fold per unit volume of culture over the light phase (7) . As with the greening of bleached cultures this increase in ribulose-1 ,5-diP carboxylase was inhibited by cycloheximide and chloramphenicol. Similarly, the increased capacity of the cells for glycolate formation over the light phase was also inhibited by cycloheximide and chloramphenicol.
P-glycolate Phosphatase and Glycerate 3-Phosphatase during Greening. A rapid increase in P-glycolate phosphatase activity occurred over the first 24 hr of the greening process after which activity per cell remained constant (Fig. 3) . In contrast maximum glycerate 3-phosphatase activity was not reached until after 72 hr of illumination (Fig. 3) . Specific inhibitors of protein synthesis had different effects on the development of the two phosphatases. The formation of glycerate 3-phosphatase was inhibited by both cycloheximide and chloramphenicol (Fig. 3) whereas the development of P-glycolate phosphatase was unaffected by cycloheximide (Fig. 3) . The formation of both phosphatases was inhibited by DCMU although at first there was an increase in glycerate 3-phosphatase activity but by 72 hr activity was only slightly greater than in bleached cells (Fig. 3) . Although DCMU inhibited the formation of glycolate dehydrogenase some increase in activity occurred over the first 24 hr of the greening process (Fig. 4) so it is probable that the effects produced by DCMU are not immediate upon addition to the culture.
DISCUSSION
The rate of photosynthetic CO2 fixation was less than would be expected from the observed ribulose-1,5-diP carboxylase levels over the early stages of the greening process. At later stages a close correlation between ribulose-1 , 5-diP carboxylase activity and CO2 fixation was observed (Fig. 2) . This lag phase in CO2 fixation is probably an example of the induction phenomenon (33) , an explanation for this effect being that the maximum rate of CO2 fixation can only occur when the con- centration of Calvin cycle intermediates has reached a level that permits the cycle to operate at a rate consistent with the catalytic activity of Calvin cycle enzymes.
Cycloheximide and chloramphenicol were first employed by Smillie et al. (31) to investigate protein synthesis during the greening of Euglena cultures. Since D-threo-chloramphenicol would inhibit protein synthesis on 70S mitochondrial ribosomes, Surzycki et al. (32) suggested it would kill the cell before any specific effect on chloroplast biogenesis could be detected. But in division-synchronized Euglena cultures, cell division and enzyme synthesis were unaffected and increase in respiration was only decreased by a third by D-threo-chloramphenicol (12) . Cell division during the greening of Euglena cultures was also unaffected by D-threo-chloramphenicol ( (4), although some doubt exists regarding their specificity in higher plant systems (14) where oxidative phosphorylation was inhibited by both the D-threo-and L-threo-isomers of chloramphenicol although protein synthesis on chloroplast ribosomes was only inhibited by the D-threo-isomer (13) . For this reason Lthreo-chloramphenicol is often employed as a control in investigations of protein synthesis in vivo using D-threochloramphenicol, but with Euglena cell-division was inhibited by L-threo-chloramphenicol although not by D-threo-chloramphenicol, suggesting a more fundamental aberration in metabolism than inhibition of protein synthesis on 70S ribosomes by the L-threo-isomer. Ribulose-l, 5-diP carboxylase synthesis was inhibited by both cycloheximide and D-threochloramphenicol in Euglena (Fig. 2) as also occurs in Chlorella pyrenoidosa (25) and Chlamydomonas reinhardi (17) . Purified Euglena ribulose-l , 5-diP carboxylase consists of a large and a small subunit (McFadden, B. A., J. M. Lord, A. J. Rowe and S. N. Dilks, Purification crystallization and properties of ribulose-l , 5-diP carboxylase from Euglena gracilis, In preparation) and this would explain inhibition of synthesis by D-threochloramphenicol and cycloheximide if the subunits were synthesized at different sites in the cell (1 1, 24) .
Many phosphatases show mixed specificity (28, 29) so both P-glycolate phosphatase and glycerate 3-phosphatase activities were followed during greening (Figs. 3 and 4) . P-glycolate phosphatase activity increased rapidly on illumination, the development of enzyme activity being unaffected by cycloheximide or L-threo-chloramphenicol but was inhibited by Dthreo-chloramphenicol (Fig. 3) . It seems unlikely that much breakdown of P-glycolate was the result of glycerate 3-phosphatase activity because levels of this enzyme were much lower than for P-glycolate phosphatase. Also, the development of glycerate-3-phosphatase activity was inhibited by cycloheximide, whereas levels of P-glycolate phosphatase were not affected in cells treated with cycloheximide (Fig. 3) . These experiments confirm the earlier conclusion of Codd and Merrett (6) that the development of P-glycolate phosphatase activity is dependent on protein synthesis on chloroplast ribosomes.
When bleached Euglena cells were put in the light, but photosynthesis was inhibited by DCMU over the entire course of development, cells still formed Chl and became photosynthetically competent (30) . Although Chl formation was unaffected, the increase in activity of P-glycolate phosphatase, glycolate oxidoreductase, and glycerate 3-phosphatase that resulted on illumination was inhibited by DCMU (Figs. 3 and 4) . The synthesis of these enzymes is probably dependent on ATP generated by photosynthetic phosphorylation, and although DCMU-from its known action as an inhibitor of electron flow from photosystem 2-would prevent the participation of noncyclic photophosphorylation, this would not exclude the formation of ATP by cyclic photophosphorylation. However, DCMU also inhibited the light-driven synthesis of the large subunit of fraction I protein by intact pea chloroplasts (5) .
Although the development of Calvin cycle and glycolate pathway enzymes both require the illumination of bleached Euglena cells, these pathways are not coordinately regulated. The kinetics of enzyme expression revealed maximal levels of the glycolate pathway enzymes, P-glycolate phosphatase, and glycolate oxidoreductase, while there was only a small increase in photosynthetic carbon dioxide fixation. The synthesis of ribulose-l , 5-diP carboxylase and concomitant photosynthetic CO2 fixation were inhibited by cycloheximide but the development of P-glycolate phosphatase activity still occurred. Feierabend and Beevers (15) concluded that the effect of light on the microbody enzymes glycolate oxidase and hydroxypyruvate reductase in wheat leaves was probably mediated by the phytochrome system. A classical phytochrome system is not present in Euglena (18) but Holowinsky and Schiff (18) demonstrated a phenomenon termed potentiation, whereby preillumination, followed by a dark period prior to exposure of dark-grown Euglena cells to normal lighting conditions for chloroplast development, resulted in the abolishment of the usual lag in Chl accumulation.
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